The score on a reading literacy test of 15 years old Italian students is here analyzed. The data depict a fracture in the Italian school system. By means of quantile regressions and by repeatedly implementing a quantile regression based test for structural break, computed in different sub-samples and at various quantiles, one can pin down the determinants of the gap and rank them. We find that the difference in curricula is the main factor in explaining the gap in the students scores; that the regional difference is linked to structural and behavioral variables, like poor library facilities and students absenteeism, both mirroring the economic lag of the southern Italian regions. In terms of policy actions, curbing absenteeism in the south can reduce the regional gap. If instead the target is to enhance excellence, funds should be directed toward academic track, public schools, north-centre regions.
Introduction
Quantile regressions (QR) allow to compute the impact of the explanatory variables at different points of the conditional distribution of the dependent variable, thus providing a more thorough and detailed analysis than OLS, which instead investigates the relationship among variables only at the conditional mean. With QR it is possible to consider the lower or the upper quantiles 1 and uncover at each quantile the most appropriate policy to reach the chosen target.
This motivates our choice of quantile regressions to analyze the score on a reading literacy test of the PISA (Program for International Student Assessment) survey in the year 2000. The survey randomly samples 15 years old students from different classrooms in schools of 32 European nations, to take a 3 hours test on reading ability. We select the Italian data, referring to a sample of 4984 students from 172 different schools: private and public; of small, medium and large size; from technical, vocational and academic track. 2 The score of the reading test, standardized to a mean of 500 and a standard deviation of 100, provides the dependent variable. The outcome of the test reflects the productivity of the Italian school system for the 15 years old students, i.e. for the secondary school. 3 The set of independent variables that we take into account excludes family background variables, since we focus on the productivity of the institution more than on the social characteristics of the interviewed.
The regressors are gender, a dummy variable which is equal to one for boys; geographical area, a dummy variable taking a unit value for the southern regions; school track, which distinguishes academic and technical curricula from the vocational one; achievement pressure, to measure the student perception of teachers urging to improve his/her performance, and ranges from -4.35 to 2.75; a dummy variable which takes a unit value for private schools; poor library facilities, which comprises the following four categories: no lack of instructional materials, a little lack, some, a lot; student absenteeism, with the four categories: not at all, a little, some, a lot. We include among the explanatory variables 1 A classical example is provided by stock decisions, which are better analyzed by quantiles than by averages. Stock needs to be increased if its level is at the lower quantiles, while it needs to be reduced if its level is at or above the upper quantile.
2 Further information on the survey can be found at http://www.pisa.oecd.org/. 3 Since in some countries school is not mandatory at age 15, the international analysis of this data set involves a self-selection problem. However, even for those countries where school is mandatory at 15, there still achievement pressure to mirror perceived teachers behaviour; poor library facilities to proxy school equipments and infrastructures; students absenteeism to model students attitude toward school.
4 Table 1 reports the summary statistics of the selected variables.
The OLS results, covering a set of n=4781 observations, are reported in the first column of Table 2 . 5 The estimated coefficients are all statistically different from zero. Students in the southern regions are less proficient than in the north-centre; boys are not as proficient as girls;
both technical and academic track improve upon the vocational curriculum with the technical track, not surprisingly, scoring less than the academic one in reading literacy; private schools, student absenteeism, poor library facilities and achievement pressure have a negative impact on the score.
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However school performance differs across quantiles: it is higher for some groups of students and lower for others, reflecting the influence on proficiency of unobservable variables, like talent, or ability to answer the test, or family background, et cetera. A response changing according to the different levels of the conditional distribution is better analyzed by quantile regressions so that, depending on the chosen target, one can intervene at the lower or at the upper quantiles, or at the median to improve score.
Therefore we estimate the same regression at five different quantiles: 10%, 25%, 50%, 75%, 90%. The results, reported in Table 2 , are summarized in Figure 1 . The straight lines represent the OLS coefficients, while the kinked lines show the variation of the quantile regression coefficients as estimated at the different quantiles. The impact on the score of the reading literacy test of each regressor changes according to the different quantile analyzed, that is to the different score level, thus causing kinks in the graphs. For instance, students in the south are less proficient than those in the north-centre regions, and more so for the high performing students. Boys are less productive than girls, particularly at the median. The coefficient of achievement pressure has a negative impact for low proficiency students while becomes close to zero and with low student-t values at the top quantiles, for the top scoring is a self selection problem due to drop out students which in some areas, like the Italian southern regions, are not in a small number. 4 Many other studies in this field have analyzed in depth family background variables, school equipment availability, social and economical conditions. We select only few proxies for school equipment and social conditions since the introduction of too many explanatory variables would hinder the investigation of their specific impact at the different quantiles. 5 The sample is slightly smaller due to missing values in some of the explanatory variables of the equation. 6 Italian private schools are mostly remedial schools.
students. Productivity of private schools decreases in going from low to upper quantile and becomes quite bad for the best students. The effect of poor library facilities is somewhat mitigated at the upper quartiles. The negative impact of absenteeism is stronger at the lower quantiles, while students at the upper quantiles are less affected by its negative influence. The academic track yields better performances than the technical track at all quantiles, and they both improve upon vocational curricula.
If the target is to improve the performance of the low scoring students, we should focus on absenteeism, library facilities and achievement pressure. If, on the other hand, we seek to enhance top scoring individuals we should take steps at the upper quantiles and focus on public schools, on the academic track, on the north-centre regions, on girls.
In the following section we estimate this equation in different sub-samples, to check if there is any evidence of changes in the structure of the estimated equation and to find and rank the factors that can better explain such a change.
Structural breaks
We take advantage of the detailed analysis allowed by QR to implement, at different quantiles, a test for structural break. 7 Indeed we compute the standard Chow test (1960) relying on QR in place of OLS estimates. 8 The QR based test allows to verify not only the presence of a break but also at what level of the dependent variable such break is more effective. This is an important advantage over the OLS based test for structural break. Indeed with QR it is possible to control if the equation is stable at the mean of the dependent variable but unstable at the lower or/and at the upper quantiles. We do find a similar case in our analysis, where the effect of a break in the upper tail is balanced by an opposite reaction of the coefficients at the lower tail, so that the OLS based test does not signal the existence of a structural change at the mean. The QR test instead signals the presence of a break in the tails 7 The test for structural breaks compares the null and the alternative models, where the null assumes stability, and the alternative allows the regression coefficients to change after the break. The sample is split into two sub-groups and the test verifies if the estimates in the two sub-sets differ from the results computed in the entire sample. Under the null of constant coefficients one equation is estimated using the full sample. Under the alternative of structural break two different equations, one before and the other after the break, are estimated. The test compares the value of the objective function under the null and the sum of the values of the two objective functions computed under the alternative. It relies on the increase of the objective function and the worsening of the fit when unnecessary constraints are imposed. More technical details are left to the Appendix. and, by tracking the behavior of the estimated coefficients across quantiles, it is possible to uncover the response -increasing or decreasing across quantiles -of the regression coefficients to the break.
In addition, we implement the test for structural break in a quite unusual approach. We look for many different criteria to split the sample, checking the contribution of each explanatory variable to the break and ranking it according to the estimated value of the test.
To compute the unconstrained model we dichotomize each regressor, consequently splitting the sample and repeatedly implementing the test as many times as the number of explanatory variables. The variable causing the highest estimated value of the test is the strongest contributor to the break. Furthermore, the various estimates of the unrestricted model provide useful information on the interactions among regressors that helps selecting the most effective policy at a given quantile and that cannot be unveiled otherwise.
9 By splitting the sample according to all the possible criteria not only we find the variables that provide the greater contribution to the break, but we also know at which quantile such contribution is more relevant, in order to select the appropriate measure to enhance or curb the break.
We find that by far the largest contribution to the break is given by the selected curriculum, vocational, technical or academic track, with academic scoring higher than technical and vocational track.
The other contributors are ranked differently by the OLS and the QR tests. Indeed, if we look at the OLS results gender is almost as responsible for the break as curricula, followed, at a great distance, by the regional variable. This is a rather comfortable result, stating that the break has a natural origin. If we look at the QR results, instead, after curricula follows the regional gap and then, at some distance, the gender gap. A large regional gap, instead, is not at all natural and calls for policy intervention.
We find that the regional structural break, north-centre versus south, is driven by absenteeism, by poor infrastructures, by the low quality of private schools, and this result is particularly relevant from the lower quantiles up to median, i.e. for the less committed students. Absenteeism could be related to lower expectations about the labor market, which is 8 Furno (2007) provides a Monte Carlo study to verify the behavior of the QR based test for structural breaks.
9 Although the interactions among regressors can be estimated by the correlations, the latter are based on the distance from the mean. QR can investigate the strength of the links at different quantiles to find where intervention is more appropriate or is more effective.
characterized by higher unemployment rates in the southern regions. With respect to infrastructures, Bratti et al. (2007) find evidence that lower resources greatly accounts for the regional gap in the score of a math test. The public opinion is oriented to link the geographical gap to a generally poor quality of the southern schools. Quite to the contrary, we find that technical and academic track in the southern public schools are more proficient than in the rest of the country at all quartiles. The low quality of southern schools can be limited to the vocational track and to the private schools.
The gender difference is strongly related to a different response to behavioral variables like student absenteeism and teacher achievement pressure, both of little relevance in the male population while significantly different from zero in the women subset.
The distinction between public and private schools seems irrelevant when implementing the OLS based test, while we find that it is statistically significant at all quantiles. Poor infrastructures, represented by the poor library facilities variable, cause a larger gap at the lower quantiles, showing a greater damaging effect on the low scoring students, and we find an analogous impact for absenteeism, which has a larger impact at the low proficiency levels.
In the following sections we will analyze in depth the impact of each variable on the students reading literacy score.
North-centre versus south
A check on the presence of structural changes involves the comparison of the same equation estimated in two different sub-samples and a first possible partition of the data set is by geographical areas. We separately estimate the same equation for the north-centre, with n a =2728, and for the southern regions, where n b =2053. The results are reported, respectively, in Table 3 and 4, while Figure 2 and 3 present the graphs of the OLS and QR estimated coefficients. The impact on the dependent variable of technical and academic tracks is higher in the south, thus revealing their higher productivity in the southern regions. But private schools and absenteeism have quite a large influence in the south, particularly at the low quantiles, offsetting the previous beneficial result. In the north-centre regions, instead, the absenteeism coefficient is small and not statistically different from zero at all quantiles. Thus students absenteeism is among the factors explaining the difference in performance between southern and north-centre schools. As mentioned, disaffection to school can mirror low expectations with respect to the labor market, which is substantially less dynamic in the south. Figure 2 and 3 show that the behavior of all the coefficients across quantiles is very different in the two sub-samples, with the sole exception of the library coefficient which has a similar pattern in both regional areas. We then implement the test for structural break to verify if the behavior in the sub-samples differs from the constrained model. The first row of Table 17 reports the values of the tests for structural change due to geographical region. The results reject the null of equality of the coefficients across regions, with both the OLS and QR based tests. The values of the QR tests are comparable across quantiles, with the smallest discrepancy between constrained and unconstrained estimates occurring at the first quantile and the widest at the upper quantile, for the high scoring students.
The graphs in

Curricula
Next we analyze the technical and academic track difference. The sample is split according to the school program, and the unrestricted model is estimated separately in the two sub-samples with respectively n c =1866 and n d =1754 observations. 10 The results are reported in Table 5 for the technical and in Table 6 for the academic track. The gender coefficient in the academic track is small and not statistically different from zero, while in the technical track the private school and the student absenteeism coefficients do not differ from zero. Figure 4 and Figure 5 describe the behavior of the coefficients at the different quantiles. Only the graphs for achievement pressure and for private school coefficients have a similar pattern in the two subsamples, the former increasing and the latter decreasing across quantiles. The other coefficients have instead an opposite behavior in the two sub-samples. The tests for structural change between these curricula, reported in the second row of Table 17 , assume high values in all the columns, signaling the widest discrepancy at the lower quantile. Thus the tests strongly reject the null of constant coefficients throughout, no matter what is the students score in reading literacy. Actually, these are the highest values computed in Table 17, showing that the choice between technical or academic curricula is the most effective in determining the discrepancy in the score of the test. 10 The reduced number of observations is due to the temporary exclusion of vocational schools from the analysis.
Gender
The gender variable splits the sample into n e =2324 boys and n f =2457 girls. The estimates in the two sub-samples are in Table 7 and 8. Achievement pressure and student absenteeism do not seem to matter for boys, while they are statistically different from zero for girls at all quantiles. The impact of technical and academic versus vocational track in affecting proficiency is larger for boys. The achievement pressure coefficient presents the most dissimilar patterns between Figure 6 and 7, while the remaining coefficients show a similar tendency across quantiles. When we implement the tests for structural break, while the OLS based test strongly rejects the null of constant coefficients between genders, the QR based tests still reject the null but not so strongly, and its estimated values decrease at the upper quantiles. This is a case where OLS and QR tests do not really agree. With OLS gender is a major cause of break, and its impact would be comparable to the contribution of curricula. QR instead does not consider gender as a key source of structural break.
Funding
When we partition public from private schools the comparison is not too balanced, due to the relatively small number of private schools in the sample. Indeed while there are n g =4551 public schools, there are only n h =230 private ones and many coefficients estimates have low tstatistics, particularly in the quantile regressions. In the public schools achievement pressure is not significantly different from zero. In the private schools the technical track, the library facilities, the absenteeism coefficient are not statistically different from zero in all the QR equations. However the regional coefficient is significant and extremely low, actually it is the lowest value across all the tables, at the first, second and third quantile in the private school sub-sample. This shows that, at least up to the median, the poor performance of the southern regions and the poor quality of the private schools are closely connected. Figure 8 and 9 present the patterns of the estimated coefficients across quantiles. All the graphs of the public sector present an opposite pattern when compared with the private school ones. Thus the same equation has an opposite behavior in the two sub-samples across quantiles, increasing across quantiles in the public subset while decreasing in the private subset and vice versa. However, on average, the opposite impact could balance. Indeed, Table 17 shows that the OLS based test for changing coefficients does not reject the null, while the QR based tests reject the null from the first quartile on. This contradicting result shows the validity of an analysis across quantiles, which in this case provides evidence of a break that cancels out at the mean.
Achievement pressure
The achievement pressure variable can be partitioned according to its negative or positive perception by students. This criterion divides the sample into, respectively, n i =1118 and n j =3672. The results are presented in Table 11 and 12 while the behavior of the coefficients in the two sub-samples over different quantiles is reported in Figure 10 and 11. For those who perceive negatively the teacher achievement pressure, absenteeism is small and not statistically different from zero throughout. The patterns in the graphs are not too similar in these two subsets and all the tests for structural break reject the null of stability, although not too strongly. Indeed the test assumes the smallest estimated values in Table 17 .
Library facilities
The poor library facilities variable splits the sample into n m =3173 observations for libraries with very little or no lack of instructional materials, and n n =1642 observations for libraries with some or substantial lack of instructional materials. The estimated coefficients in the two sub-samples are in Table 13 and 14, while the graphs describing the QR estimates are in Figure 12 and 13. In the sample with poor library facilities the achievement pressure variable is small and not statistically different from zero at all quantiles, while the private school coefficient could not be computed in this sub-sample due to lack of observations. The patterns of the regional variable and of the academic track are not too dissimilar in the two samples.
The tests reject the null of stability, more so at the first quantile, showing that poor library facilities affect more the low scoring students.
Absenteeism
Finally we analyze students absenteeism. We split the sample into n p =1664 cases of no or little absenteeism and n q =3176 observation for medium to high absenteeism. The results are in Table 15 and 16, while the graphs are in Figure 14 and 15. The score of students with medium-high absenteeism are not influenced by private schools and by teachers achievement pressure, and both variables are not statistically different from zero at all quantiles. The students with little absenteeism are characterized by a sizable reduction in the negative impact of the regional coefficient, while the opposite is found in the sub-sample of students with large absenteeism. This confirms that absenteeism is highly linked to the school performance in the south. The tests reject the null, with a greater evidence at the lowest quantile.
Conclusions
This paper considers the productivity of the Italian school system as approximated by the scores of 15 years old students in a reading literacy test. Using quantile regressions we analyze the impact of the explanatory variables at more than one level of the dependent variable, and examine the presence of a structural break not only at the mean but also in the tails, i.e. not only for the average score students but also for the high and the low scoring ones, i.e. at different proficiency levels.
The quantile regression analysis has lead to conflicting results with respect to OLS.
For instance there is a case where OLS does not reject the null of constant coefficients while quantile regressions reject it at all but the first quantile. This occurs when scrutinizing the impact of public versus private schools on the score. In this case, at the mean (OLS), the divergence between restricted and unrestricted model cancels out, and we conclude that the school funding does not really make any difference in students scores. Away from the mean, we find that public and private sector have a different impact which is statistically significant, particularly so for the proficient students, and this shows how the analysis at the mean can overlook what occurs in the tails.
Furthermore, when analyzing the impact of gender, the OLS test strongly rejects the null of constant coefficients while the quantile regression tests just reject it. The OLS results would signal a wide discrepancy in reading literacy linked to gender, which is a natural result.
In the quantile regression analysis this is not the biggest source of gap, while there are other non-natural, but social and economical determinants of the gap which could be considerably modified by policy intervention.
We find that the different impact of curricula on students performance is the major determinant of the changing coefficients effect, and this result is quite homogeneous, since it occurs with OLS and with quantile regression at each quantile. To uncover the second relevant component of the break is more controversial. The OLS analysis would select the gender variable while in the quantile regression analysis the gender gap is not that relevant, and is preceded by the regional variable. This is not a natural discrepancy, and a regional break leaves ample room for policy actions, if the goal is to reduce the gap.
Our results show that the regional gap is linked, in turn, to the wide negative impact on the performance of southern students of absenteeism and private schools. In the regression for southern students the student absenteeism coefficient is the largest in absolute value throughout all the tables, and statistically different from zero, while in the north-centre this coefficient is not statistically significant. Curbing absenteeism or/and controlling the quality of private schools could help reducing the regional gap.
When we analyze the discrepancy between public and private schools the negative impact of the regional coefficient is extremely strong in the private sub-sample, actually the strongest ever, from the first quantile up to the median. And this is true for the absenteeism coefficient in the private schools equation as well. Both results confirm the existence of a strong link between the low performance of southern students, the quality of private schools and absenteeism. Absenteeism can be interpreted to be linked to the labor market conditions, characterized by higher unemployment in the south.
While it is current opinion that the regional gap is due to a widespread poor quality of southern schools, we find that the academic and the technical track have a larger impact on the score for the southern students, thus revealing their better quality.
The wealth of information provided by quantile regressions and by the quantile regression based test for structural break can help defining the best strategy to pursue a specific target, that is to improve the score of low proficiency students, or else to enhance excellence in the best scoring students. The attempt to modify the lower scores would require a reduction in absenteeism, the improvement of southern infrastructures and of private schools. Excellence can be enhanced, for instance, by investing in the academic track.
Appendix
In the OLS framework, the Chow (1960) test for structural break is defined as:
The numerator is the difference between the sum of squared residuals of the constrained and unconstrained models, u u' and respectively, divided by the degrees of freedom d u u' 1 which are equal to the number of constraints. The denominator is the sum of squared residuals of the unconstrained model, adjusted by the degrees of freedom d 2 given by the sample size minus the number of estimated coefficients.
When we take into account quantile regressions, which do not require distributional assumptions, the objective function for the selected quantile θ is (Koenker and Bassett, 1978) : 
The numerator is the difference between constrained and unconstrained objective functions of the quantile regression, adjusted by the number of constraints. The denominator is the 
